Evolution of multi-enzyme complexes: the case of tryptophan synthase.
The prototypical tryptophan synthase is a stable heterotetrameric alpha-betabeta-alpha complex. The constituting TrpA and TrpB1 subunits, which are encoded by neighboring genes in the trp operon, activate each other in a bi-directional manner. Recently, a novel class of TrpB2 proteins has been identified, whose members contain additional amino acids that might sterically prevent complex formation with TrpA. To test this hypothesis, we characterized the TrpA and TrpB proteins from Sulfolobus solfataricus. This hyperthermophilic archaeon does not contain a TrpB1 protein but instead contains two TrpB2 homologues that are encoded within (TrpB2i) and outside (TrpB2o) the trp operon. We find that TrpB2i and TrpA form a weak and transient complex during catalysis, with a uni-directional activation of TrpA by TrpB2i. In contrast, TrpB2o and TrpA do not form a detectable complex. These results suggest a model for the evolution of the tryptophan synthase in which TrpB2o, TrpB2i, and TrpB1 reflect the stepwise increase of TrpB affinity for TrpA and the refinement of functional subunit interaction, concomitant with the co-localization of the encoding genes in the trp operon.